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(54) MOS solid-state image pickup device and manufacturing method thereof

(57) An N-type epitaxial layer (115), which is formed
above an N-type semiconductor substrate (114) in each
of a pixel region and a peripheral circuit region; a first P-
type well (1) formed above the N-type epitaxial layer (115)
in the pixel region; and light receiving regions (117),
which are formed within the first P-type well (1) and each
of which is a component of a photodiode, are included.
The peripheral circuit region includes: second P-type
wells (2), which are formed from a surface (200) of the

peripheral circuit region to a desired depth and each of
which is a component of an N-Channel MOS transistor;
an N-type well (3) which is formed from the surface (200)
of the peripheral circuit region to a desired depth and
which is a component of a P-Channel MOS transistor;
and a third P-type well (4) which is formed so as to have
such a shape as to isolate the N-type well (3) from the
N-type epitaxial layer (115) and which has a higher im-
purity concentration than that of the first P-type well (1).
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to a solid-state
image pickup device, and particularly relates to a MOS
solid-state image pickup device and a manufacturing
method thereof.

Description of the Background Art

[0002] A solid-state image pickup device having an
amplifying MOS transistor (hereinafter, referred to as a
MOS solid-state image pickup device) has a photodiode
and MOS transistor for each pixel, and, by using the MOS
transistor, amplifies a signal detected by the photodiode.
A quality of an image taken by the MOS solid-state image
pickup device is similar to that of an image taken by a
solid-state image pickup device having a CCD (Charge
Coupled Device) (hereinafter, referred to as a CCD solid-
state image pickup device). Further, by having a CMOS
circuit, the MOS solid-state image pickup device con-
sumes less power than the CCD solid-state image pickup
device. Moreover, unlike the CCD solid-state image pick-
up device, the MOS solid-state image pickup device has
an advantage that peripheral circuits and pixels of the
device, which peripheral circuits are formed near a pixel
region, can be manufactured by a same CMOS process.
[0003] In recent years, elements of a solid-state image
pickup device have been reduced in size, whereby a
space occupied by each photodiode of the device has
decreased. As a result, it has become difficult to secure
a sufficient number of saturated electrons stored in each
photodiode. In order to solve this problem, there is a
method in which a diffusion layer, in which a photodiode
is formed, is deeply formed so as to secure the sufficient
number of saturated electrons. However, since a power
supply voltage of each transistor of the MOS solid-state
image pickup device is low, image signal charge stored
in the photodiode cannot be entirely read, and as a result,
the image signal charge remains in the photodiode. This
consequently causes a problem of residual image. For
this reason, a voltage boosting circuit is provided, which
boosts voltages of gate electrodes of a transfer transistor
and reset transistor of the MOS solid-state image pickup
device, such that the voltages become higher than an
external power supply voltage of the MOS solid-state im-
age pickup device. This allows the image signal charge
stored in the photodiode to be entirely read, and prevents
the image signal charge from remaining in the photodi-
ode. As a result, the sufficient number of saturated elec-
trons in the photodiode is secured, and the occurrence
of residual image is inhibited.
[0004] FIG. 9 shows an example of the above-de-
scribed MOS solid-state image pickup device having a
voltage boosting circuit. As shown in FIG. 9, the MOS

solid-state image pickup device comprises shift registers
10, a multiplexer 11, a voltage conversion circuit 12 (volt-
age boosting circuit) including a charge pump circuit, a
pixel region 13, and row selection signal lines 14. Here,
the shift registers 10, multiplexer 11 and voltage conver-
sion circuit 12 are peripheral circuits of the solid-state
image pickup device. In the pixel region 13, a large
number of pixels are two-dimensionally arranged to form
rows and lines of pixels. Each pixel comprises a photo-
diode, a transfer transistorwhich transfers image signal
charge generated in the photodiode, a reset transistor,
an amplifier transistor and the like. On a semiconductor
substrate of the MOS solid-state image pickup device,
N-Channel MOS transistors (hereinafter, referred to as
NMOS) and P-Channel MOS transistors (hereinafter, re-
ferred to as PMOS) are formed. The voltage conversion
circuit 12 has a CMOS transistor (hereinafter, referred to
as CMOS).
[0005] Next, operations performed by the MOS solid-
state image pickup device of FIG. 9 will be described.
First, the shift registers 10 driven by a voltage of 3V,
which is the same as an external power supply voltage,
each output a signal for selecting a pixel row (hereinafter,
referred to as a row selection signal) to the multiplexer
11 which is driven by a voltage of 3V. Next, when the row
selection signal and a trans signal, which trans signal is
inputted from the outside of the multiplexer 11, are input-
ted at the same time, the multiplexer 11 outputs the row
selection signal to the voltage conversion circuit 12. In
other words, the multiplexer 11 performs a logic operation
AND for the row selection signal and trans signal. Next,
after boosting the row selection signal from 3V to 5V, the
voltage conversion circuit 12 inputs, via a row selection
signal line 14, the row selection signal to a gate electrode
of a transfer transistor of a pixel belonging to the selected
row in the pixel region 13.
[0006] Note that, in the case where the MOS solid-
state image pickup device does not have a voltage boost-
ing circuit, the row selection signal outputted from the
multiplexer 11 is inputted to the gate electrode of the
transfer transistor via the row selection signal line 14,
without being boosted.
[0007] As described above, by having a voltage boost-
ing circuit, the conventional MOS solid-state image pick-
up device is able to limit the occurrence of residual image
while securing the sufficient number of saturated elec-
trons in each photodiode even if a space occupied by
each photodiode is reduced. However, the conventional
MOS solid-state image pickup device has a problem in
that noise is transmitted to the pixel region 13 from the
CMOS and the like which are components of the voltage
conversion circuit 12 which is a peripheral circuit.
[0008] There are disclosed techniques to solve this
problem, e.g., a technique disclosed in the Japanese
Laid-Open Patent Publication No. 2004-241577. The
technique disclosed by the Japanese Laid-Open Patent
Publication No. 2004-241577 relates to a method for
forming a N-type well of a PMOS by using a P-type sem-
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iconductor substrate. In this technique, a peripheral cir-
cuit region is surrounded by a deep N-type well such that
a pixel region and the peripheral circuit region are elec-
trically shielded from each other. This effectively reduces,
in a MOS solid-state image pickup device having a volt-
age boosting circuit, influence from the noise which is
transmitted to the pixel region from, e.g., a CMOS in the
peripheral circuit region.
[0009] Generally speaking, crosstalk occurs more in
the MOS solid-state image pickup device than in the CCD
solid-state image pickup device, because of a pixel struc-
ture and principle of operation of the MOS solid-state
image pickup device. Crosstalk is a phenomenon where
signal charge (electrons) occurring in a pixel enters an
adjacent pixel due to, e.g., dispersion.
[0010] FIG. 10 is a cross-sectional view showing a
structure of a conventional MOS solid-state image pickup
device which is capable of inhibiting crosstalk. Hereinaf-
ter, the conventional MOS solid-state image pickup de-
vice capable of inhibiting crosstalk will be described with
reference to FIG. 10. As shown in FIG. 10, an N-type
semiconductor substrate 101 (an N-type epitaxial layer
may be included therein) has two pixel cells in an upper
portion thereof. Each pixel cell includes an N-type light
receiving section 117 of a photodiode, a light receiving
section surface P-type region 120, gate oxide films 118
of transistors, gate electrodes 119, an element isolation
section 116, and a P-type photodiode isolation region
104. A depletion layer 106 is generated around the N-
type light receiving section 117. Here, in the N-type sem-
iconductor substrate 101, a P-type well 1 is formed more
deeply than the depletion layer 106. The P-type well 1 is
a retrograde well which is formed such that the deeper
the depth from a semiconductor substrate surface 200,
the higher is impurity concentration of added impurities.
This creates potential gradient within the P-type well 1.
Here, a P-type high concentration impurity region 124 is
a region where the impurity concentration is extremely
high. The P-type high concentration impurity region 124
is formed below the N-type light receiving section 117
and the depletion layer 106, which are components of a
photodiode.
[0011] With the above-described structure, electrons
107, which are generated within the depletion layer 106
by an incident light, drift due to the potential gradient with-
in the depletion layer 106, and then gather in the N-type
light receiving section 117 (i.e., N+ region). In addition,
electrons 109, which are generated outside the depletion
layer 106 by the incident light, can also be efficiently gath-
ered in the N-type light receiving section 117 by the po-
tential gradient within the P-type well 1. Moreover, since
the semiconductor substrate used here is of N-type, the
electrons 109 generated below the P-type high concen-
tration impurity region 124 by the incident light are ab-
sorbed by the N-type semiconductor substrate 101. As
a result, the number of electrons 109 entering an adjacent
pixel due to dispersion is decreased.
[0012] Note that, in the case of a CCD solid-state im-

age pickup device, the N-type semiconductor substrate
acts as an overflow drain. For this reason, signal charge
(electrons) is inhibited from entering an adjacent pixel
due to dispersion, and therefore a serious problem does
not occur.
[0013] FIG. 11 shows another conventional MOS sol-
id-state image pickup device which has a voltage boost-
ing circuit and which is capable of limiting the occurrence
of crosstalk (hereinafter, simply referred to as a conven-
tional MOS solid-state image pickup device). Hereinafter,
the conventional MOS solid-state image pickup device
will be described with reference to FIG. 11. The right side
of FIG. 11 shows a pixel region, and the left side of FIG.
11 shows a peripheral circuit region including a PMOS
forming region and NMOS forming regions by which a
CMOS is structured. The CMOS is driven by a high volt-
age having been boosted by a voltage boosting circuit.
In the pixel region, the above-described conventional
MOS solid-state image pickup device (see FIG. 10) which
is capable of limiting the occurrence of crosstalk is
formed.
[0014] As shown in FIG. 11, the conventional MOS sol-
id-state image pickup device comprises an N-type sem-
iconductor substrate 114, an N-type epitaxial layer 115,
a P-type well 1, an N-type light receiving section 117, P-
type wells 2, an N-type well 3, element isolation sections
116, a light receiving section surface P-type region 120,
source-drain regions 122 of transistors, source-drain re-
gions 123 of a transistor, gate insulating films 118, gate
electrodes 119, and sidewall spacers 121. FIG. 11 does
not show interlayer dielectrics, wirings, microlenses and
the like.
[0015] In each of the pixel region and the peripheral
circuit region, the N-type epitaxial layer 115 is formed to
be positioned above the N-type semiconductor substrate
114. Here, for example, an impurity concentration of the
N-type semiconductor substrate 114 is approximately
5E14/cm3, and an impurity concentration of the N-type
epitaxial layer 115 is approximately 2E14/cm3. The P-
type well 1, which is a retrograde well in which an impurity
concentration increases in accordance with an increase
in distance from the semiconductor substrate surface 200
toward an inner part of the substrate, is formed to be
positioned above the N-type epitaxial layer 115. In the
pixel region, the N-type light receiving section 117 is
formed within the P-type well 1, and the light receiving
section surface P-type region 120 is formed to be posi-
tioned at the semiconductor substrate surface 200. The
P-type wells 2, which function as NMOS wells, are re-
spectively formed in the NMOS forming regions so as to
be positioned above the P-type well 1. The N-type well
3 functioning as a PMOS well is formed to be positioned
above the P-type well 1 of the PMOS forming region.
Here, a thickness of the N-type well 3 is the same as that
of the P-type wells 2. The source-drain regions 122 of
the transistors are formed to be positioned above the P-
type wells 2. The source-drain regions 123 of the tran-
sistor are formed to be positioned above the N-type well
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3. In the pixel and peripheral circuit regions, the element
isolation sections 116 are formed to be positioned at the
semiconductor substrate surface 200, and also, the gate
insulating films 118, gate electrodes 119 and sidewall
spacers 121 are formed to be positioned on the semi-
conductor substrate surface 200.
[0016] FIGs. 12 to 14 are cross-sectional views each
showing manufacturing processes of the conventional
MOS solid-state image pickup device (see FIG. 11).
Hereinafter, a manufacturing method of the conventional
MOS solid-state image pickup device will be described
with reference to FIGs. 12 to 14. FIGs. 12 to 14 each
show a pixel region on the right side thereof and a pe-
ripheral circuit region on the left side thereof.
[0017] First, as shown in FIG. 12, the N-type epitaxial
layer 115 is grown on the N-type semiconductor sub-
strate 114. Next, the element isolation sections 116 are
formed at a surface of the N-type epitaxial layer 115.
Here, for example, an impurity concentration of the N-
type semiconductor substrate 114 is approximately
5E14/cm3, and an impurity concentration of the N-type
epitaxial layer (N-) 115 is approximately 2E14/cm3. Next,
the N-type light receiving section 117 is formed by im-
planting N-type impurities into the N-type epitaxial layer
115 of the pixel region. Then, the P-type well 1 is formed
to a depth deeper than that of the N-type light receiving
section 117 by performing ion implantation on the N-type
epitaxial layer 115. This ion implantation is performed
such that implanted impurities are distributed throughout
an area between the semiconductor substrate surface
200 to a deep part of the N-type epitaxial layer 115. As
a result, the P-type well 1 is formed to a depth of, e.g., 2
Pm to 5 Pm from the semiconductor substrate surface
200. Here, if boron (B) is implanted as impurities to be
added, the ion implantation is performed, for example,
at an implantation energy of 1000keV to 3500keV with a
dose amount of 1E10/cm2 to 1E12/cm2. The P-type well
1 may be formed by a plurality of times of ion implantation.
[0018] Next, as shown in FIG. 13, the P-type wells 2
are respectively formed in the NMOS forming regions by
ion implantation. The P-type wells 2 are formed to a depth
of, e.g., 1 Pm to 1.5 Pm from the semiconductor substrate
surface 200. Here, if boron(B) is implanted as impurities
to be added, the ion implantation is performed, for exam-
ple, at an ion implantation energy of 250keV to 500keV
with a dose amount of 1E13/cm2 to 1E14 /cm2.
[0019] Next, as shown in FIG. 14, the N-type well 3 is
formed in the PMOS forming region by ion implantation.
The N-type well 3 is formed to a same depth as that of
the P-type wells 2, e.g., to the depth of 1 Pm to 1.5 Pm
from the semiconductor substrate surface 200. Here, if
phosphorus (P) is implanted as impurities to be added,
the ion implantation is performed, for example, at an im-
plantation energy of 500keV to 700keV with a dose
amount of 1E13/cm2 to 1E14/cm2. Next, by performing
ion implantation on a surface of each of the P-type wells
2 and N-type well 3, a channel region for controlling a
threshold voltage VT of a transistor is formed on each of

the NMOS forming regions and the PMOS forming region
(not shown).
[0020] Next, as shown in FIG. 11, in the pixel region,
in order to form a transfer transistor, the gate insulating
film 118 which is composed of silicon oxide is formed,
and then a gate electrode 119 which is composed of poly-
crystalline silicon is formed thereon. Next, the sidewall
spacer 121 is formed at a side of the gate insulating film
118 and gate electrode 119. Similarly, in the peripheral
circuit region, in order to form NMOSs and a PMOS, the
gate insulating films 118 composed of silicon oxide are
formed, and then the gate electrodes 119 composed of
polycrystalline silicon are formed thereon. Next, the side-
wall spacers 121 are formed at the sides of the gate in-
sulating films 118 and gate electrodes 119. Next, the
source-drain regions 122 of transistors are formed by
performing N-type impurity ion implantation on a region
which is within the pixel region and in which a transistor
is formed, and on each of the NMOS forming regions in
the peripheral circuit region. Next, the source-drain re-
gions 123 of a transistor are formed by performing P-type
impurity ion implantation on the PMOS forming region of
the peripheral circuit region. Thereafter, interlayer die-
lectrics, wirings, microlenses and the like are formed (not
shown). In the above-described method, the convention-
al MOS solid-state image pickup device shown in FIG.
11, which has a voltage boosting circuit and which is ca-
pable of limiting the occurrence of crosstalk, is manufac-
tured.
[0021] However, the conventional MOS solid-state im-
age pickup device (see FIG. 11) has the following prob-
lem. As shown in FIG. 11, the PMOS forming region
which is a component of the voltage boosting circuit has
a structure comprising, in descending order from the sur-
face, the semiconductor substrate surface 200, N-type
well 3, P-type well 1, N-type epitaxial layer 115 and the
N-type semiconductor substrate 114. When the conven-
tional MOS solid-state image pickup device is driven, the
N-type epitaxial layer 115 and N-type semiconductor
substrate 114 are grounded, and a high voltage having
been boosted by the voltage boosting circuit is applied
to the N-type well 3. When this high voltage is applied,
there is a case where a depletion layer generated around
the N-type well 3 expands in a direction of the N-type
epitaxial layer 115, and eventually reaches the N-type
epitaxial layer 115. In this case, there is a problem in that
electric current occurs between the N-type well 3 and N-
type epitaxial layer 115 (hereinafter, referred to as punch-
through current).
[0022] Note that, for manufacturing a MOS solid-state
image pickup device, a P-type semiconductor substrate
is generally used. In this case, the problem of punch-
through current between an N-type well of a PMOS and
an N-type semiconductor substrate does not occur.

SUMMARY OF THE INVENTION

[0023] Therefore, an object of the present invention is
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to provide a MOS solid-state image pickup device and a
manufacturing method thereof, which is capable of lim-
iting the occurrence of crosstalk, and also preventing the
above-described punch-through current even when in-
hibiting the occurrence of residual image by having a
voltage boosting circuit.
[0024] The present invention is directed to a MOS sol-
id-state image pickup device comprising, on an N-type
semiconductor substrate, a pixel region, in which a plu-
rality of pixels are formed, and a peripheral circuit region
in which a peripheral circuit of the pixel region is formed.
In order to achieve the above-mentioned object, in the
MOS solid-state image pickup device of the present in-
vention: the pixel region and the peripheral circuit region
each include an N-type epitaxial layer which is formed
above the N-type semiconductor substrate; the pixel re-
gion includes a first P-type well, which is formed above
the N-type epitaxial layer, and light receiving regions,
which are formed within the first P-type well and each of
which is a component of a photodiode; and the peripheral
circuit region includes second P-type wells, which are
formed to a desired depth from a surface of the peripheral
circuit region and each of which is a component of an N-
Channel MOS transistor, an N-type well, which is formed
to a desired depth from the surface of the peripheral cir-
cuit region and which is a component of a P-Channel
MOS transistor, and a third P-type well which is formed
so as to have such a shape as to isolate the N-type well
from the N-type epitaxial layer and which has a higher
impurity concentration than that of the first P-type well.
[0025] It is preferred that the first P-type well is a ret-
rograde well having an impurity concentration which in-
creases in accordance with an increase in depth from
the surface of the pixel region and which is extremely
high at a position deeper than that of a depletion layer
generated around each light receiving region. The P-
Channel MOS transistor may be driven by a voltage
which has been boosted such that the voltage is higher
than an external power supply voltage. An impurity con-
centration of the third P-type well is preferred to be no
less than 1017/cm3.
[0026] The present invention is also directed to a man-
ufacturing method of a MOS solid-state image pickup
device comprising, on an N-type semiconductor sub-
strate, a pixel region, in which a plurality of pixels are
formed, and a peripheral circuit region in which a periph-
eral circuit of the pixel region is formed. In order to achieve
the above-mentioned object, the manufacturing method
of the present invention comprises steps of: in the pixel
and peripheral circuit regions, forming an N-type epitaxial
layer above the N-type semiconductor substrate, and
forming a first P-type well from a surface of the pixel and
peripheral circuit regions to a depth deeper than that of
a depletion layer generated around each of light receiving
regions; in the pixel region, forming the light receiving
regions within the first P-type well; in the peripheral circuit
region, forming, within the first P-type well, second P-
type wells, each of which is a component of an N-Channel

MOS transistor, and an N-type well which is a component
of a P-Channel MOS transistor; and below the N-type
well, forming a third P-type well, whose impurity concen-
tration is higher than that of the first P-type well, such
that the third P-type well has such a shape as to isolate
the N-type well from the N-type epitaxial layer.
[0027] In order to achieve the above-mentioned object,
the manufacturing method alternatively comprisesstep-
sof:inthe pixel and peripheral circuit regions, forming an
N-type epitaxial layer above the N-type semiconductor
substrate, and forming a first P-type well from a surface
of the pixel and peripheral circuit regions to a depth deep-
er than that of a depletion layer generated around each
of light receiving regions; in the pixel region, forming the
light receiving regions within the first P-type well; in the
peripheral circuit region, forming, within the first P-type
well, a second P-type well which has a higher impurity
concentration than that of the first P-type well and which
is a component of each of N-Channel MOS transistors;
and within the second P-type well, forming an N-type well
which is a component of a P-Channel MOS transistor.
[0028] According to the above-described present in-
vention, even if the MOS solid-state image pickup device
has a voltage boosting circuit for inhibiting the occurrence
of residual image, and an N-type semiconductor sub-
strate is used for manufacturing the MOS solid-state im-
age pickup device in order to limit the occurrence of
crosstalk resulting from dispersion of signal charge (elec-
trons), the occurrence of punch-through current is pre-
vented. Further, according to the present invention, the
above-described effect of the present invention can be
obtained without requiring the number of manufacturing
processes to be increased from the number of manufac-
turing processes of a conventional MOS solid-state im-
age pickup device.
[0029] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 shows a MOS solid-state image pickup device
of a first embodiment;
FIG. 2 is an energy band diagram showing, in a con-
ventional MOS solid-state image pickup device, a
change in internal potential, which change occurs in
accordance with an increase in depth from an N-type
well 3 of a PMOS toward an N-type epitaxial layer
115 and N-type semiconductor substrate 114, which
PMOS is a component of a voltage boosting circuit,;
FIG. 3 is an energy band diagram showing, in the
MOS solid-state image pickup device of the first em-
bodiment, a change in internal potential, which
change occurs in accordance with an increase in
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depth from an N-type well 3 of a PMOS toward an
N-type epitaxial layer 115 and N-type semiconductor
substrate 114, which PMOS is a component of a volt-
age boosting circuit;
FIG. 4 is a cross-sectional view showing manufac-
turing processes of the MOS solid-state image pick-
up device of the first embodiment;
FIG. 5 shows another MOS solid-state image pickup
device of the first embodiment;
FIG. 6 shows a MOS solid-state image pickup device
of a second embodiment;
FIG. 7 is a cross-sectional view showing manufac-
turing processes of the MOS solid-state image pick-
up device of the second embodiment;
FIG. 8 is another cross-sectional view showing man-
ufacturing processes of the MOS solid-state image
pickup device of the second embodiment;
FIG. 9 shows an exemplary MOS solid-state image
pickup device having a voltage boosting circuit;
FIG. 10 is a cross-sectional view showing a structure
of a conventional MOS solid-state image pickup de-
vice which is capable of limiting the occurrence of
crosstalk;
FIG. 11 shows a conventional MOS solid-state im-
age pickup device which has a voltage boosting cir-
cuit and which is capable of limiting the occurrence
of crosstalk;
FIG. 12 is a cross-sectional view showing a manu-
facturing method of the conventional MOS solid-
state image pickup device which has a voltage boost-
ing circuit and which is capable of limiting the occur-
rence of crosstalk;
FIG. 13 is another cross-sectional view showing the
manufacturing method of the conventional MOS sol-
id-state image pickup device which has a voltage
boosting circuit and which is capable of limiting the
occurrence of crosstalk; and
FIG. 14 is another further cross-sectional view show-
ing the manufacturing method of the conventional
MOS solid-state image pickup device which has a
voltage boosting circuit and which is capable of lim-
iting the occurrence of crosstalk.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(first embodiment)

[0031] FIG. 1 shows a MOS solid-state image pickup
device of a first embodiment of the present invention.
Hereinafter, the MOS solid-state image pickup device of
the first embodiment will be described with reference to
FIG. 1. The right side of FIG. 1 shows a pixel region, and
the left side of FIG. 1 shows a peripheral circuit region in
which a CMOS is formed and which includes a PMOS
forming region and NMOS forming regions. The CMOS
is driven by a high voltage having been boosted by a
voltage boosting circuit. Here, the pixel region is formed
so as to have a same structure as that of the above-

described conventional MOS solid-state image pickup
device (see FIG. 10) which is capable of inhibiting cross-
talk. Note that, the pixel region generally includes a large
number of pixels. However, in order to simplify the de-
scription below, it is assumed here that the pixel region
includes only one pixel.
[0032] As shown in FIG. 1, the MOS solid-state image
pickup device of the first embodiment comprises an N-
type semiconductor substrate 114, an N-type epitaxial
layer 115, a P-type well 1, an N-type light receiving sec-
tion 117, P-type wells 2, an N-type well 3, a P-type well
4, element isolation sections 116, a light receiving section
surface P-type region 120, source-drain regions 122 of
transistors, source-drain regions 123 of a transistor, gate
insulating films 118, gate electrodes 119 and sidewall
spacers 121. Here, interlayer dielectrics, wirings, micro-
lenses and the like are not shown in FIG. 1.
[0033] In each of the pixel region and peripheral circuit
region, the N-type epitaxial layer 115 is formed so as to
be positioned above the N-type semiconductor substrate
114. Here, for example, an impurity concentration of the
N-type semiconductor substrate 114 is approximately
5E14/cm3, and an impurity concentration of the N-type
epitaxial layer 115 is approximately 2E14/cm3. The P-
type well 1, which is a retrograde well in which an impurity
concentration increases in accordance with an increase
in distance from the semiconductor substrate surface 200
toward an inner part of the substrate, is formed so as to
be positioned above the N-type epitaxial layer 115. In the
pixel region, the N-type light receiving section 117 is
formed within the P-type well 1, and the light receiving
section surface P-type region 120 is formed to be posi-
tioned at the semiconductor substrate surface 200. The
P-type wells 2, which function as NMOS wells, are re-
spectively formed in the NMOS forming regions so as to
be positioned above the P-type well 1. The P-type well
4 is formed to be positioned above the P-type well 1 of
the PMOS forming region. Here, the P-type well 4 has a
higher impurity concentration than that of the P-type well
1. It is preferred that the impurity concentration of the P-
type well 4 is no less than 1017/cm3. The N-type well 3
functioning as a PMOS well is formed so as to be posi-
tioned above the P-type well 4 of the PMOS forming re-
gion. Here, the N-type well 3 is thinner than the P-type
wells 2. The source-drain regions 122 of transistors are
formed so as to be positioned above the P-type wells 2.
The source-drain regions 123 of a transistor are formed
to be positioned above the N-type well 3. In the pixel and
peripheral circuit regions, the element isolation sections
116 are formed to be positioned at the semiconductor
substrate surface 200, and also, the gate insulating films
118, gate electrodes 119 and sidewall spacers 121 are
formed so as to be positioned on the semiconductor sub-
strate surface 200.
[0034] The above described P-type well 4 as well as
the P-type well 1 has a function to insulate the N-type
well 3, which is a component of the PMOS, and the N-
type epitaxial layer 115 from each other. Here, by setting
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the impurity concentration of the P-type well 4 to be higher
than that of the P-type well 1, an insulation capability of
the P-type well 4 is improved. For this reason, as com-
pared with the conventional MOS solid-state image pick-
up device, the MOS solid-state image pickup device of
the first embodiment has an improved characteristic for
electrically isolating the N-type well 3 and the N-type epi-
taxial layer 115 from each other. As a result, the occur-
rence of punch-through current is prevented. In addition,
the MOS solid-state image pickup device of the first em-
bodiment (see FIG. 1) has a thicker P-type well, which
is for insulating the N-type well 3 and the N-type epitaxial
layer 115 from each other, than that of the conventional
MOS solid-state image pickup device (see FIG. 11). For
this reason, as compared with the conventional MOS sol-
id-state image pickup device, the MOS solid-state image
pickup device of the first embodiment has a further im-
proved characteristic for electrically isolating the N-type
well 3 and the N-type epitaxial layer 115 from each other.
Consequently, the occurrence of punch-through current
is further prevented.
[0035] FIG. 2 is an energy band diagram showing, in
the conventional MOS solid-state image pickup device,
a change in internal potential, which change occurs in
accordance with an increase in depth from the N-type
well 3 of the PMOS toward the N-type epitaxial layer 115
and N-type semiconductor substrate 114, which PMOS
is a component of the voltage boosting circuit. FIG. 3 is
an energy band diagram showing, in the MOS solid-state
image pickup device of the first embodiment, a change
in internal potential, which change occurs in accordance
with an increase in depth from the N-type well 3 of the
PMOS toward the N-type epitaxial layer 115 and N-type
semiconductor substrate 114, which PMOS is a compo-
nent of the voltage boosting circuit. Here, FIGs. 2 and 3
each show the internal potential in a longitudinal direction
and a distance in a horizontal direction. FIG. 2 (a) and
FIG. 3 (a) each show the internal potential which is ob-
tained when a normal bias voltage (e.g., +3V) is applied
to the N-type well 3. FIG. 2 (b) and FIG. 3 (b) each show
the internal potential which is obtained when the voltage
boosting circuit applies a high bias voltage (e. g. , +5V)
to the N-type well 3. Hereinafter, descriptions will be given
with reference to FIGs. 2 and 3 for the punch-through
current which occurs between: the N-type well 3; and the
N-type epitaxial layer 115 and N-type semiconductor
substrate 114.
[0036] First, a description for the conventional MOS
solid-state image pickup device will be given. As shown
in FIG. 2 (a), there is a potential barrier from the N-type
well 3 to the P-type well 1, which potential barrier prevents
an electron from moving in a direction of the P-type well
1. Although the potential barrier becomes higher as
shown in FIG. 2 (b) when a high bias voltage (e.g., +5V)
is applied to the N-type well 3 in order to drive the PMOS,
a depletion layer region expands. Then, when the deple-
tion layer region reaches the N-type epitaxial layer 115,
the punch-through current occurs.

[0037] Next, a description for the MOS solid-state im-
age pickup device of the first embodiment will be given.
As shown in FIG. 3(a), there is a potential barrier from
the N-type well 3 to the P-type well 1, which potential
barrier prevents an electron from moving in a direction
of the P-type well 1. This potential barrier is higher than
that of FIG. 2(a) for the reason that the P-type well 4
having a higher impurity concentration than that of the
P-type well 1 is formed. As shown in FIG. 3 (b), when a
high bias voltage (e.g., +5V) is applied to the N-type well
3 in order to drive the PMOS, the potential barrier is
heightened and the depletion layer region expands.
Here, since the impurity concentration of the P-type well
4 is higher than that of the P-type well 1, the depletion
layer region does not expand more than as shown in FIG.
2 (b). In addition, since the P-type well insulating the N-
type well 3 and the N-type epitaxial layer 115 from each
other is thicker than that of the conventional MOS solid-
state image pickup device, there is less possibility for the
depletion layer region to reach the N-type epitaxial layer
115, as compared with the conventional MOS solid-state
image pickup device. Consequently, the MOS solid-state
image pickup device of the first embodiment is more ca-
pable of preventing the occurrence of punch-through cur-
rent than the conventional MOS solid-state image pickup
device.
[0038] In the pixel region of the MOS solid-state image
pickup device of the first embodiment, the P-type well 1
as described above in the background art is formed. As
described therein, the P-type well 1 is a retrograde well,
and has a P-type high concentration region 124 below
the N-type light receiving section 117 (see FIG. 10). For
this reason, the MOS solid-state image pickup device of
the first embodiment is capable of preventing the occur-
rence of the above-described punch-through current as
well as limiting the occurrence of crosstalk.
[0039] As described above, the MOS solid-state image
pickup device of the first embodiment is capable of lim-
iting the occurrence of crosstalk, and also, preventing
the occurrence of punch-through current even when in-
hibiting the occurrence of residual image by having a
voltage boosting circuit.
[0040] FIG. 4 shows a cross-sectional diagram show-
ing manufacturing processes of the MOS solid-state im-
age pickup device of the first embodiment. Hereinafter,
a manufacturing method of the MOS solid-state image
pickup device of the first embodiment will be described
with reference to FIG. 4. Since manufacturing processes,
which are prior to the manufacturing processes shown
in FIG. 4, are the same as those described in the back-
ground art (FIGs. 12 and 13), descriptions thereof will be
omitted. Here, the right side of FIG. 4 shows the pixel
region, and the left side of FIG. 4 shows the peripheral
circuit region.
[0041] First, the state as shown in FIG. 13 is obtained
by the conventional manufacturing method described
above in the background art (FIGs. 12 and 13). Next, as
shown in FIG. 4, the N-type well 3 is formed in the PMOS
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forming region by ion implantation. At this point, a depth
from the semiconductor substrate surface 200, to which
depth the N-type well 3 is formed, is set to, e. g. , 1 Pm
to 1.3 Pm so as to be shallower than a depth from the
semiconductor substrate surface 200, to which depth the
P-type wells 2 are formed. Here, if phosphorus (P) is
addedas impurities, the ion implantation is performed,
for example, at an ion implantation energy of 500keV to
650keV with a dose amount of 1E13/cm2 to 1E14/cm2.
Next, the P-type well 4 is formed below the N-type well
3 by ion implantation. The P-type well 4 is formed at a
depth of, e.g., 1.5 Pm to 2 Pm from the semiconductor
substrate surface 200. Here, if boron(B) is added as im-
purities, the ion implantation is performed, for example,
at an ion implantation energy of 350 keV to 600keV with
a dose amount of 1E13/cm2 to 1E14/cm2. Next, by per-
forming ion implantation on a surface of each of the P-
type wells 2 and on a surface of the N-type well 3, a
channel region for controlling a threshold voltage VT of
a transistor is formed on each of the NMOS forming re-
gions and the PMOS forming region (not shown).
[0042] Then, as shown in FIG. 1, similarly to the con-
ventional manufacturing method of the MOS solid-state
image pickup device (see FIG. 11), in the pixel region,
the gate electrode 119 is formed after the gate insulating
film 118 is formed. Next, the sidewall spacer 121 is
formed on the side of gate insulating film 118 and gate
electrode 119. Similarly, in the peripheral circuit region,
the gate electrodes 119 are formed after the gate insu-
lating films 118 are formed. Next, the sidewall spacers
121 are formed on the sides of the gate insulating films
118 and gate electrodes 119. Next, in the pixel region,
the source-drain regions 122 of a transistor are formed
in a region where the transistor is formed. The source-
drain regions 122 of transistors are also formed in the
NMOS forming regions of the peripheral circuit region.
Subsequently, the source-drain regions 123 are formed
in the PMOS formingregion. Thereafter,theinterlayer di-
electrics,wirings, microlenses and so on are formed. The
MOS solid-state image pickup device of the first embod-
iment is thus manufactured by the above-described man-
ufacturing method.
[0043] FIG. 5 shows another MOS solid-state image
pickup device of the first embodiment. As shown in FIG.
5, similarly to the conventional MOS solid-state image
pickup device (see FIG. 11), the N-type well 3 has a same
thickness as that of the P-type wells 2. The P-type well
4 is formed to be positioned below the N-type well 3, and
a thickness of the P-type well 4 is the same as an interval
between the N-type well 3 and N-type epitaxial layer 115 .
Here, the P-type well 4 has a higher impurity concentra-
tion than that of the P-type well 1, and the impurity con-
centration of the P-type well 4 is preferred to be no less
than 1017/cm3. When impurities to be added at the time
of forming the P-type well 4 are boron (B), ion implanta-
tion is performed, for example, at an implantation energy
of 1000keV to 3500keV with a dose amount of 1E13/cm2

to 1E14/cm2. The above configuration does not provide

an effect in which by widening the interval between the
N-type well 3 and N-type epitaxial layer 115, an improved
characteristic for electrically isolating the N-type well 3
and the N-type epitaxial layer 115 from each other is ob-
tained. However, this configuration provides the above-
described effect in which by setting the impurity concen-
tration of the P-type well 4 to be higher than that of the
P-type well 1, a characteristic for electrically isolating the
N-type well 3 and the N-type epitaxial layer 115 from
each other is improved whereby the punch-through cur-
rent is prevented.

(second embodiment)

[0044] FIG. 6 shows a MOS solid-state image pickup
device of a second embodiment. Hereinafter, the MOS
solid-state image pickup device of the second embodi-
ment will be described with reference to FIG. 6. The MOS
solid-state image pickup device of the second embodi-
ment is different from the MOS solid-state image pickup
device of the first embodiment in that the P-type well 2
is formed such that a part of the P-type well 2, instead of
the P-type well 4, is positioned blow the N-type well 3.
Hereinafter, a description will be given with a focus on
this difference. In FIG. 6, components, which are the
same as those of the MOS solid-state image pickup de-
vice of the first embodiment (see FIG. 1), are denoted by
the same reference numerals as those used for the com-
ponents of the first embodiment.
[0045] As shown in FIG. 6, the MOS solid-state image
pickup device of the second embodiment comprises the
N-type semiconductor substrate 114, N-type epitaxial
layer 115, P-type well 1, N-type light receiving section
117, P-type well 2, N-type well 3, element isolation sec-
tions 116, light receiving section surface P-type region
120, source-drain regions 122 of transistors, source-
drain regions 123 of a transistor, gate insulating films
118, gate electrodes 119, and the sidewall spacers 121.
In FIG. 6, interlayer dielectrics, wirings, microlenses and
the like are not shown.
[0046] In each of the pixel region and the peripheral
circuit region, the N-type epitaxial layer 115 is formed so
as to be positioned above the N-type semiconductor sub-
strate 114, and the P-type well 1 which is a retrograde
well is formed to be positioned above the N-type epitaxial
layer 115. In the pixel region, the N-type light receiving
section 117 is formed to be positioned within the P-type
well 1, and the light receiving section surface P-type re-
gion 120 is formed to be positioned at the semiconductor
substrate surface 200. The P-type well 2, which functions
as a NMOS well, is formed to be positioned above the
P-type well 1 in each of the NMOS forming regions and
the PMOS forming region. The N-type well 3, which func-
tions as a PMOS well, is formed to be positioned above
the P-type well 2 in the PMOS forming region. Here, the
P-type well 2 has a higher impurity concentration than
that of the P-type well 1. It is preferred that the impurity
concentration of the P-type well 2 is no less than
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1017/cm3. The source-drain regions 122 are formed to
be positioned above the P-type well 2, and the source-
drain regions 123 are formed to be positioned above the
N-type well 3. In the pixel and peripheral circuit regions,
the element isolation sections 116 are formed to be po-
sitioned at the semiconductor substrate surface 200. Al-
so, the gate insulating films 118, gate electrodes 119 and
sidewall spacers 121 are formed to be positioned on the
semiconductor substrate surface 200.
[0047] The P-type well, for insulating the N-type well
3 and the N-type epitaxial layer 115 from each other, of
the MOS solid-state image pickup device of the second
embodiment (see FIG. 6) is thicker, by a thickness of the
P-type well 2 below the N-type well 3, than that of the
conventional MOS solid-state image pickup device (see
FIG. 11). For this reason, as compared with the conven-
tional MOS solid-state image pickup device, the MOS
solid-state image pickup device of the second embodi-
ment has an improved characteristic for electrically iso-
lating the N-type well 3 and the N-type epitaxial layer 115
from each other. Consequently, the occurrence of punch-
through current is prevented. In addition, since the im-
purity concentration of the P-type well 2 is higher than
that of the P-type well 1, a capability for insulating the N-
type well 3 and the N-type epitaxial layer 115 from each
other is further improved. As a result, the occurrence of
punch-through current is further prevented. Moreover,
for the reason described in the first embodiment, the MOS
solid-state image pickup device of the second embodi-
ment is able to limit the occurrence of crosstalk.
[0048] The above described effect is the same as that
of the MOS solid-state image pickup device of the first
embodiment. However, as will hereinafter be described,
when the MOS solid-state image pickup device of the
second embodiment is manufactured, a process for form-
ing the P-type well 4 is not necessary. Therefore, a cost
of manufacturing the MOS solid-state image pickup de-
vice of the second embodiment can be kept lower than
a cost of manufacturing the MOS solid-state image pick-
up device of the first embodiment.
[0049] FIGs. 7 and 8 are cross-sectional views each
showing manufacturing processes of the MOS solid-
state image pickup device of the second embodiment.
Hereinafter, a manufacturing method of the MOS solid-
state image pickup device of the second embodiment will
be described with reference to FIGs. 7 and 8. Since man-
ufacturing processes, which are prior to the manufactur-
ing processes shown in FIG. 7, are the same as those
described in the background art (FIG. 12), descriptions
thereof will be omitted.
[0050] First, the state as shown in FIG. 12 is obtained
by the conventional manufacturing method described
above in the background art. Next, as shown in FIG. 7,
the P-type well 2 is formed over the entire peripheral cir-
cuit region by ion implantation. At this point, the P-type
well 2 is formed to a depth of, e.g., 1 Pm to 1.5 Pm from
the semiconductor substrate surface 200. Here, if added
impurities are boron (B), the ion implantation is per-

formed, for example, at an implantation energy of 250keV
to 500keV with a dose amount of 1E13/cm2 to 1E14/cm2.
It is preferred that the impurity concentration of the P-
type well 2 is higher than that of the P-type well 1, and
is no less than 1017/cm3.
[0051] Next, as shown in FIG. 8, the N-type well 3 is
formed in the PMOS forming region by ion implantation.
Here, the N-type well 3 is formed at a shallower position
than that of the P-type well 2. For example, the N-type
well 3 is formed from the semiconductor substrate sur-
face 200 to a depth of 1 Pm to 1.3 Pm. For this reason,
the P-type well 2, which has a higher impurity concen-
tration than that of the P-type well 1, is present below the
N-type well 3. When impurities to be added for forming
the N-type well 3 are, for example, phosphorus (P), ion
implantation energy is set to 500keV to 650keV. Since
the N-type well 3 is formed within the P-type well 2, a
dose amount is set to be greater than that for the N-type
well 3 of the conventional MOS solid-state image pickup
device. For example, the ion implantation is performed
with a dose amount of 3E13/cm2 to 3E14/cm2.
[0052] Next, similarly to the conventional manufactur-
ing method of the MOS solid-state image pickup device
described with reference to FIG. 11, the gate insulating
films 118, gate electrodes 119, sidewall spacers 121 and
source-drain regions 122 and 123 are formed. Thereaf-
ter, interlayer dielectrics, wirings, microlenses and the
like are formed. Thus, the MOS solid-state image pickup
device of the second embodiment as shown in FIG. 9 is
manufactured in accordance with the above described
manufacturing method.
[0053] While the invention has been described in de-
tail, the foregoing description is in all aspects illustrative
and not restrictive. It is understood that numerous other
modifications and variations can be devised without de-
parting from the scope of the invention.

Claims

1. A MOS solid-state image pickup device comprising,
on an N-type semiconductor substrate (114), a pixel
region, in which a plurality of pixels are formed, and
a peripheral circuit region in which a peripheral circuit
of the pixel region is formed, wherein
the pixel region and the peripheral circuit region each
include an N-type epitaxial layer (115) which is
formed above the N-type semiconductor substrate
(114),
the pixel region includes:

a first P-type well (1) formed above the N-type
epitaxial layer (115); and
light receiving regions (117), which are formed
within the first P-type well (1) and each of which
is a component of a photodiode, and

the peripheral circuit region includes:
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second P-type wells (2), which are formed to a
desired depth from a surface (200) of the pe-
ripheral circuit region and each of which is a
component of an N-Channel MOS transistor;
an N-type well (3) which is formed to a desired
depth from the surface (200) of the peripheral
circuit region and which is a component of a P-
Channel MOS transistor; and
a third P-type well (4) which is formed so as to
have such a shape as to isolate the N-type well
(3) from the N-type epitaxial layer (115) and
which has a higher impurity concentration than
that of the first P-type well (1).

2. The MOS solid-state image pickup device according
to claim 1, wherein
the first P-type well (1) is a retrograde well having
an impurity concentration which increases in accord-
ance with an increase in depth from the surface (200)
of the pixel region and which is extremely high at a
position deeper than that of a depletion layer gener-
ated around each light receiving region (117).

3. The MOS solid-state image pickup device according
to claim 1, wherein the P-Channel MOS transistor is
driven by a voltage which has been boosted such
that the voltage is higher than an external power sup-
ply voltage.

4. The MOS solid-state image pickup device according
to claim 1, wherein an impurity concentration of the
third P-type well (4) is no less than 1017/cm3.

5. A manufacturing method of a MOS solid-state image
pickup device comprising, on an N-type semicon-
ductor substrate (114), a pixel region, in which a plu-
rality of pixels are formed, and a peripheral circuit
region in which a peripheral circuit of the pixel region
is formed, the manufacturing method comprising
steps of,
in the pixel and peripheral circuit regions,

forming an N-type epitaxial layer (115) above
the N-type semiconductor substrate (114), and
forming a first P-type well (1) from a surface
(200) of the pixel and peripheral circuit regions
to a depth deeper than that of a depletion layer
generated around each of light receiving regions
(117),

in the pixel region, forming the light receiving regions
(117) within the first P-type well (1),
in the peripheral circuit region, forming, within the
first P-type well (1), second P-type wells (2), each of
which is a component of an N-Channel MOS tran-
sistor, and an N-type well (3) which is a component
of a P-Channel MOS transistor, and
below the N-type well (3), forming a third P-type well

(4), whose impurity concentration is higher than that
of the first P-type well (1), such that the third P-type
well (4) has such a shape as to isolate the N-type
well (3) from the N-type epitaxial layer (115).

6. A manufacturing method of a MOS solid-state image
pickup device comprising, on an N-type semicon-
ductor substrate (114), a pixel region, in which a plu-
rality of pixels are formed, and a peripheral circuit
region in which a peripheral circuit of the pixel region
is formed, the manufacturing method comprising
steps of,
in the pixel and peripheral circuit regions,

forming an N-type epitaxial layer (115) above
the N-type semiconductor substrate (114), and
forming a first P-type well (1) from a surface of
the pixel and peripheral circuit regions to a depth
deeper than that of a depletion layer generated
around each of light receiving regions (117),

in the pixel region, forming the light receiving regions
(117) within the first P-type well (1),
in the peripheral circuit region, forming, within the
first P-type well (1), a second P-type well (2) which
has a higher impurity concentration than that of the
first P-type well (1) and which is a component of each
of N-Channel MOS transistors, and
within the second P-type well (2), forming an N-type
well (3) which is a component of a P-Channel MOS
transistor.
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